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RECEIVED 

Draft for Discussion Purposes CENTRAL RAX CENTER 

APR 0 8 2009 

Attorney Docket No. NEWL-006/02US PATENT 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re Application of: David MUNN et al. Confirmation No.: 1508 

Serial No.: 10/780,797 Group Art Unit: 1614 

Fi,ed: February 17, 2004 Examiner: James D. Anderson 

For: use of inhibitors of indoleam£ne-2^-dioxygenase in combination with 
other therapeutic inhibitors 



Mail Stop After Final 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 134450 

PROPOSED AMENDMENT/RESPONSE AFTER FINAL 

In response to the Official Action dated January 23, 2009, please amend the above- 
identified patent application in the following manner: 

Amendments to the Claims are reflected on the listing of the claims which begins on 
page 2 of this paper. 

Remarks/Arguments begin on page 9 of this paper. 



1. 
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IN THE CLAIMS- 

This listing of claims will replace all prior versions, and listings, of claims in this application. 



1-4. (Cancelled) 

5. (Withdrawn) A method of treating a subject with a cancer, the method comprising 
administering to the subject an inhibitor of mdoleamine-2,3-dioxygenase in an amount effective 
to reverse indoleamione-2,3-dioxygenase-mediated immunosuppression, and administering at 
least one additional therapeutic agent, wherein the administration of the inhibitor of indolearnine- 
2,3-dioxygenase and the at least one additional therapeutic agent demonstrate therapeutic 
synergy, wherein at least one additional therapeutic agent is radiation therapy, and wherein the 
inhibitor of indoleamine-2,3-dioxygena$e is selected from the group consisting of 1-methyl- 
tryptophan, p-(3-benzofuranyl>alanine, IM3-benzo(b)thienyl)-alanine, and 6-nitro-D- 
tryptophan. 

6. (Withdrawn) The method of claim 5 wherein the radiation therapy is localized radiation 
therapy delivered to the tumor. 

7. (Withdrawn) The method of claim 5 wherein the radiation therapy is total body irradiation. 

8. (Cancelled) 

9. (Cancelled) 

10. (Withdrawn) The method of claim 5 wherein the inhibitor of indoleamine-2,3-dioxygenase 
is 1-methyl-tryptophan, 

11. (Cancelled) 



2. 
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12. (Withdrawn) The method of claim 5 wherein the inhibitor of indoleaniine-2,3-dioxygenase 
is selected from the group consisting of the D isomer of 1-methyl-tryptophan, the D isomer of p, 
(3-benzomranyl)-alaiiine, the D isomer of P-(3-benzo(b)thienyl)-alanine, and the D isomer of 6- 
nitro-D-tryptophan. 

13-34, (Cancelled) 

35. (Withdrawn) A method augmenting rejection of tumor cells in a subject, the method 
comprising administering an inhibitor of indoleamine^-dioxygenase selected from the group 
consisting of 1-methyl-tryptophan, J3-(3-benzofuranyl>alanine, p-(3-benzo(b)*ienyl)-alariine, 
and 6-nitro-D-tryptophan and administering radiation therapy, wherein the rejection of tumor 
cells obtained by administering both the inhibitor of mdoleamine-2,3-dioxygenase and the 
radiation therapy is greater than that obtained by administering either the inhibitor of 
indoleamine-2,3-dioxygenase or the radiation therapy alone. 

36. (Withdrawn) A method of treating cancer, the method comprising administering an inhibitor 
of indoleamine-2,3-dioxygenase selected from the group consisting of 1-methyl-tryptophan, p- 
(3-benzofWanyl)-alanine, p-(3-benzo(b)mienyl)-alanine, and 6-nitro-D-tryptophan and 
administering radiation therapy, wherein the cancer survivial rate observed by administering both 
the inhibitor of indoleamine-2,3-dioxygena$e and the radiation therapy is greater than the cancer 
survival rate observed by administering either the inhibitor of indoleamine-2,3-dioxygenase or 
the radiation therapy alone. 

37. (Withdrawn) A method of reducing tumor size or tumor growth in a subject, the method 
comprising administering an inhibitor of indoleainine-2,3-dioxygenase selected from the group 
consisting of 1-methyl-tryptophan, p-(3-benzofuranyl)-a1anine, p-(3-benzo(b)thienyl)-alanine, 
and 6-nitro-D-tryptophan and administering radiation therapy, wherein the tumor size or tumor 
growth observed with the administration of both the inhibitor of indoIeamine-2,3-dioxygenase 
and the radiation therapy is less than the tumor size or tumor growth observed by administering 
either the inhibitor of indoleamine-2,3-dioxygenase or the radiation therapy alone. 
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38. (Withdrawn) The method of claim 5, wherein the mdoleanime-2,3-dioxygenase~inediated 
immunosuppression is mediated by an antigen presenting cell (APC). 

39. (Withdrawn) The method of claim 5, wherein the cancer is selected from the group 
consisting of melanoma, colon cancer, pancreatic cancer, breast cancer, prostate cancer, lung 
cancer,, leukemia, brain tumors, lymphoma, sarcoma, ovarian cancer and Kaposi's sarcoma. 

40-43. (Cancelled) 

44. (Proposed Amendment) A method of treating a subject with cancer, the method comprising 
administering to the subject a pharmaceutical composition consisting essentially of 1-methyl-D- 
tryptophan^and at least one cytotoxic antineoplastic c hemotheraneutic aaent. wherein the 
pharmaceutical composition is administ ered before, during, or after said at least one 
chemotherapeutic agent. 

45. (Proposed Amendment) The method of claim 44, - fi Tth p r rn mprhi n r ndmini nt n rinjr t o t ho 
cubjoot at least ono oytotoxio antineoplastic ohomotehorapoutio agont, wherein the administering 
of 1 methyl-D-typtophan and the cytotoxic antineoplastic chemotherap eutic agent demonstrate 
therapeutic synergy. 

46. (Cancelled) 

47. (Proposed Amendment) A method of treating a subject with cancer, the method comprising 
administering to the subject a pharmaceutical composition comprising 1-methyl-D-tryptophan, 
but not 1-methyl-L-tryptopha n, and at least one cytotoxic antineoplastic chemotherapeutic agen^ 
wherein the pharmaceutical composition is ad ministered before, during or after said at least nnp 
chemotherapeutic agent. 
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48. (Proposed Amendment) The method of claim 44-ef 47, nn mprhiTlc ndminijtDrillfl tu 
the oubjoct at least ono oytotoicio antineoplastic oh omn t n horapouii u ag en t, wherein the 
administering of 1 methyl-D-typtophan and the cytotoxic antineoplastic chemptherapeutig ^ 
demonstrate therapeutic synergy. 

49. (Proposed Amendment) A method of reducing tumor size or slowing tumor growth in a 
subject, the method comprising administering to the subject a pharmaceutical composition 
consisting essentially of 1-methyl-D-tryptopha n. and at least ™* ^t ox i c antinennl^tic 
chemotherapeutic agent, wherein the pharmaceutical c omposition is administered hath™ H„ri» Pi 
or after said at least one chemotherapeutic ag ent. 

50. (Proposed Amendment) The method of claim 49, farther comprising administ e ring to tho 
subject at least ono oytotoario antineoplastic) ohomothorapoutic agen t; wherein the tumor size or 
tumor growth observed after administration of the pharmaceutical composition and at least one 
cytotoxic antineoplastic chemotherapeutic agent is lower than the tumor size or tumor growth 
observed after administration of either the pharmaceutical composition alone or the cytotoxic 
antineoplastic chemotherapeutic agent alone. 

51. (Cancelled) 

52. (Proposed Amendment) A method of reducing tumor size or slowing tumor growth in a 
subject, the method comprising administering to the subject a pharmaceutical composition 
comprising 1-methyl-D-tryptophan, but not 1 -methyl -^tryptopha n, and at least one cyjpja xjg. 
an tineoplastic chemotherapeutic agent, wherein th e pharmaceutical composition is administered 
before, during, or after sa id at least one chemotherapeutic agent. 

53. (Proposed Amendment) The method of claim 52, further oomprioing adminiptoring a t 
looot ono cytotoxic antineoplastic chomothorapoutio agont, wherein the tumor size or tumor 
growth observed after administration of the pharmaceutical composition and at least one 
cytotoxic antineoplastic chemotherapeutic agent is lower than the tumor size or tumor growth 
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observed after administration of either the pharmaceutical composition alone, or a composition 
comprising the cytotoxic chemotherapeutic agent alone. 

54. (Previously Presented) The method of claim 45 or 50, wherein the antineoplastic 
chemotherapeutic agent is selected from the group consisting of: cyclophosphamide, 
methotrexate, fluorouracil, doxorubicin, vincristine, ifosfamide, cisplatin, gemcytabine, busulfan! 
and ara-C. 

55. (Proposed Amendment) The method of claim 44, [[46]] or 47, wherein the cancer is 
selected from the group consisting of melanoma, colon cancer, pancreatic cancer, breast cancer, 
prostate cancer, lung cancer, leukemia, brain tumors, lymphoma, sarcoma, ovarian cancer, 
Kaposi's sarcoma, Hodgkm's Disease, mutiple myeloma, neuroblastoma, stomach cancer, 
cervical cancer, endometrial cancer, testicular cancer, thyroid cancer, esophageal cancer, 
genitourinary tract cancer, premalignant skin lesions, and adrenal coritcal cancer. 

56. (Proposed Amendment) The method of claim 49, [[51]] or 52 wherein the tumor is a result 
of a cancer selected from the group consisting of melanoma, colon cancer, pancreatic cancer, 
breast cancer, prostate cancer, lung cancer, leukemia, brain tumors, lymphoma, sarcoma, ovarian 
cancer, Kaposi's sarcoma, Hodgkin's Disease, mutiple myeloma, neuroblastoma, stomach 
cancer, cervical cancer, endometrial cancer, testicular cancer, thyroid cancer, esophageal cancer, 
genitourinary tract cancer, premalignant skin lesions, and adrenal coritcal cancer. 

57. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51]] or 52 further 
comprising administering a cytokine. 

58. (Previously Presented) The method of claim 57 wherein the cytokine is granulocyte 
macrophage colony stimulating factor (GM-CSF) or its flt3-ligand. 

59. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51]) or 52 wherein the 
composition further comprises a phaimaceutically acceptable carrier. 
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60. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51,]] or 52 wherein the 
composition is formulated for oral, rectal, nasal, topical, transdermal, aerosol, buccal, sublingual, 
vaginal, parenteral, subcutaneous, intramuscular, intravenous, intradermal, enteral, 
intraperitoneal, or intravesicular administration. 

61 . (Previously Presented) The method of claim 60, wherein the composition is formulated for 
oral delivery. 

62 (Previously Presented) The method of claim 61 wherein the composition is formulated as a 
tablet or a capsule. 

63. (Previously Presented) The method of claim 60, wherein the composition is formulated for a 
controlled or sustained release. 

64. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51]] or 52 wherein the 
composition is formulated as an ointment, gel, solution, patch or implant. 

65. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51]] or 52, wherein the 
composition further comprises one or more diluents, buffers, binders, disintegrants, surface 
active agents, thickeners, lubricants, or preservatives. 

66. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51]] or 52, wherein the 
administration is carried out in a number of doses at intervals of time. 

67. (Proposed Amendment) The method of claim 44, [[46,]] 47, 49, [[51]] or 52, wherein the 
composition is administered before, during or after surgical resection, radiation therapy, 
chemotherapy, hormone therapy, anti-tumor vaccination, antibody based therapy, cytokine based 
therapy, whole body irradiation, bone marrow transplantation, and peripheral stem cell 
transplantation. 
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68. (Previously Presented) The method of claim 48, wherein the antineoplastic 
chemotherapeutic agent is selected from the group consisting of: cyclophosphamide, 
methotrexate, fluorouracil, doxorubicin, vincristine, ifosfamide, cisplatin, gemcytabine, busulfan,' 
and ara-C. 

69. (Previously Presented) The method of claim 53, wherein the antineoplastic 
chemotherapeutic agent is selected from the group consisting of: cyclophosphamide, 
methotrexate, flurouracil, doxorubicin, vincristine, isofamide, cisplatin, gemcytabine, busulfan, 
and ara-C. 



8. 
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REMARKS 



Upon entry of the present amendment, claims 44, 45, 47-50, and 52-69 are pending. 
Claims 5-7, 10, 12, and 35-39 remain withdrawn from further consideration in view of the 
Restriction Requirement mailed 12/20/06, and Applicants' elections filed 1/19/07. Claims 1-4, 
8, 9, 1 1, 13-34, 40-43, 46 and 51 have been cancelled. Claims 44, 45, 47-50,52, 53, 55-57, 59 
60, and 64-68 have been amended. Specifically, claims 47, 49, and 52, have been amended to 
indicate that the pharmaceutical composition is administered before, during, or after at least one 
chemotherapeutic agent. Support for this amendment may be found at the very least at page 16, 
lines 20-21. The remaining claims have been amended accordingly in light of their dependency. 
No prohibited new matter has been added with the forgoing amendments. 

Rejections under 35 U.S.C. S 112. 1"' paragrap h 

Claims 1 , 4, 13, 30-34, 44-45, 49-50 and 54-68 are rejected by the Examiner for failing to 
comply with the written description requirement of 35 U.S.C. § 112, first paragraph. 
Specifically, the Examiner has rejected the claims for lacking support for administering 
compositions consisting essentially of 1-mcthyl-D-tryptophan. Although the Examiner 
acknowledges that the "instant specification discloses methods of treating cancer and tumors 
comprising administering an inhibitor of indoleaminc-2,3-dioxygenase and administering at least 
one chemotherapeutic agent" (emphasis in Office Action), the Examiner asserts there is no 
implicit or inherent support for compositions consisting essentially of 1 -melhyl-D-tryptophan 
Applicants respectfully disagree. 
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The term "consisting essentially of is a well known and widely used transitional phrase. 
According to the M.P.E.P., ««[t]he transitional phrase 'consisting essentially of limits the scope 
of a claim to the specified materials or steps 'and those that do not materially affect the basic and 
novel characteristic^)' of the claimed invention." M.P.E.P. § 2211.03, citing In re H er? 537 
F.2d 549, 551-52 (C.C.P.A. 1796). Therefore, a composition "consisting essentially of 1 -methyl- 
D-tryptophan" is a composition which contains I-methyl-D-tryptophan, and may also contain 
other materials which "do not materially affect" the composition, such as inactive 
ingredicnts/excipients (i.e. diluents, buffers, binders, disintegrants, surface active agents, 
thickeners, lubricants or preservatives, as claimed in claim 65). Furthermore, there are several 
compositions "consisting essentially of 1-methyl-D-tryptophan" disclosed in the specification. 
For example, parenteral formulations are described at page 19, lines 1-11 and enteral 
formulations are described at page 19, lines 12-18. 

Given the phrase "consisting essentially of is commonly used and accepted patent claim 
terminology, and given that the specification clearly discloses examples of formulations 
consisting essentially of 1-mcthyl-D-txyptophan and various excipients, buffers, etc., Applicants 
presume the Examiner objects to the phrase "consisting essentially of in light of the disclosure 
that inhibitors of the invention are used in combination with at least one additional agent to 
achieve a synergistic effect Applicants respectfully note, however, that the application discloses 
that the administration of the inhibitor may take place before, during or after administration of 
the chemotherapeutic agent, as acknowledged by the Examiner on page 4 of the Office Action 
(see page 16, lines 20-21 of the specification). Administration before or after the additional 
agent implies that the claimed inhibitors may be administered in a composition consisting 
essentially of only the inhibitors. 

10. 
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Nevertheless, in an effort to expedite prosecution, Applicants have cancelled claims 1, 4, 
13, and 30-34. In addition, Applicants have amended claims 44 and 49 to indicate that the 
composition consisting essentially of 1-methyl-D-tryptophan is administered, before, during or 
after administration of at least one chemotherapeutic agent. Reconsideration and withdrawal of 
the written description rejection are respectfully requested. 

Claims 1-2, 4, 13, 30-34 and 44-69 were rejected under 35 U.S.C. § 1 12, first paragraph, 
because, according to the Examiner, while the specification is enabling for treating cancer, 
augmenting the rejection of tumor cells, or reducing or slowing tumor growth with 1-methyl-D- 
tryptophan and cyclophosphamide, it does not reasonably provide enablement for treating 
cancer, augmenting rejection of tumor cells, or reducing or slowing tumor growth with 1-methyl- 
D-tryptophan and other chemotherapeutic agents, as claimed in claims 1-2, 4, 13, 30-34, 45, 48, 
50, 53-54 and 68-69; or treating cancer or reducing, augmenting rejection of tumor cells, or 
reducing or slowing tumor growth with 1-methyl-D-tryptophan alone, as claimed in claims 44, 
46-47, 49, 51-52 and 55-67. 

Without agreeing with the rejection, Applicants have cancelled claims 1-2, 4 and 30-34. 
Additionally, Applicants have amended claims directed to methods of treating cancer, 
augmenting rejection of tumor cells, or reducing or slowing tumor growth with I-methyl-D- 
tryptophan to also entail the administration of at least one chemotherapeutic agent, before, during 
or after administration of 1-methyl-D-tryptophan. Accordingly, that aspect of the rejection is 
moot. With regard to the scope of enablement rejection regarding other chemotherapeutic 
agents, Applicants respectfully submit that the claimed invention is readily applicable to use with 
any chemotherapeutic agent as evidenced by the attached publication by the inventors (Hou, et 
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al, (2007) Inhibition of Indoleamine 2,3-Dioxygenase in Dendritic Cells by Stereoisomers of 1- 
Methyl-Tryptophan Correlates with Antitumor Responses, Cancer Res. 67:792-801) ("Hou"). 

Specifically, Hou reports that 1-methyl-D-tryptophan is effective in treating several types 
of cancer with 1-methyl-D-tryptophan in combination with several different kinds of 
chemotherapeutic agents, including cyclophosphamide, paclitaxel and gemcitabine. The paper 
clearly shows that 1-methyl-D-tryptophan given in combination with cyclophosphamide (Figure 
5 A) or gemcytabine (Figure 5B) reduces the size of tumors in vivo in a melanoma model to 
significantly greater extent than either chemotherapeutic or 1-methyl-D-tryptophan alone (see 
discussion at page 797, column 1). The paper also reports significandy improved results with 
the D isomer and paclitaxel as compared to the L isomer and paclitaxel for treatment of tumors 
in a breast cancer model (See Figure 6 and page 797, column 2). Furthermore, paclitaxel given in 
combination with 1-methyl-D-tryptophan was significantly more effective than paclitaxel given 
alone in reducing tumor size in mice (Figure 6B). Applicants also note, according to this report, 
that in at least one model, 1-methyl-D-tryptophan was effective alone, without an additional 
chemotherapeutic agent, in reducing tumor size. (Figure 5C). Thus, taken together, the paper 
provides additional evidence that 1-methyl-D-tryptophan is effective in treating cancers when 
combined with a number of known chemotherapeutic agents according to the methods disclosed 
in the specification. Accordingly, the scope of the claims is fully enabled. Reconsideration and 
withdrawal of the enablement rejection is earnestly solicited. 

Double Patenting 

The Examiner has provisionally rejected claims 1, 2, 4, 13, 30-34 and 44-69 on the 
ground of nonstatutory obviousness-type double patenting as being unpatentable over claims 2, 

12. 
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6-7, 10, 17-18, and 97-132 of copending Application No. 10/780,150. Claims 1, 2, 4, 13, 30-34, 
46 and 51 have been cancelled by the present amendment. Applicants respectfully request that 
this rejection as it applies to the remaining claims be held in abeyance until indication of 
otherwise allowable subject matter, and Applicants will consider at that time whether the 
submission of a terminal disclaimer would be appropriate. 



13. 



89818 v2/DC 



PAGE 14/25 1 RCVD AT 4/812009 4:39:02 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/2 * DNIS:2/38300 * CSID: ' DURATION (mm-ss):09-36 



04/08/2009 18:44 FAX 1015/025 

Draft for Discussion Purposes 

Atty Docket No.: NEWL-006/02US 
Serial No.: 10/780,797 

CONCLUSION 

In view of the foregoing, Applicants respectfully submit that no further impediments exist to the 
allowance of this application and, therefore, requests an indication of allowability. However, the 
Examiner is requested to call the undersigned if any questions or comments arise. 

The Director is hereby authorized to charge any appropriate fees under 37 C.F.R. §§1.16, 1.17, 
and 1.21 that may be required by this paper, and to credit any overpayment, to Deposit Account 
No. 50-1283. 

Dated: DRAFT Respectfully submitted, 

^ r yi v, „. COOLEY GODWARD KRONISH LLP 

COOLEY GODWARD KRONISH LLP 

ATTN: Patent Group 

777 6 th Street NW, Suite 1100 By: DRAFT 

Washington, DC 20001 



Tel: *** 

Fax: (202) 842-7899 



Reg. No. 



14. 
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Inhibition of Indoleamine 2,3-Dloxygenase in Dendritic Cells by 
Stereoisomers of 1 -Methyl-Try ptophan Correlates 
with Antitumor Responses 

D*-Yan Hon." Alexander J. Midler/ Madhav D. Sharma/* James DuHadaway/ Tinku Baneijee, 6 
Manbeth Johnson, Andrew L. Mellor," George C. Prendergast," and David H. Mann" 
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Abstract 

IndoJeamine 2>3.dioxygena«e (IDO) is an Immunosuppressive 
enzyme that cou tributes to tolerance in a Dumber of biological 
settings. In cancer; IDO activity may help promote acquired 
tolerance to tumor antigens. The IDO Inhibitor 1-methyl- 
tryptophan 1* being developed Tor clinical trial*, However, 
1-mclhyMryptophan exists in two stereoisomers with poten- 
tially different biological properties, and it has been unclear 
which Isomer might be preferable for Initial development. In 
this study, we provide evidence thai Ihe D and L stereoisomers 
exhibit important cell type-specific variations in activity. The 
L isomer was the more potent inhibitor of IDO activity using 
the purified enzyme and in fileJLa cell-based assays. However, 
the D isomer was ■ignificently more effective In reversing the 
suppression of T cells created by IDO-expressing dendritic 
cells, using both human monoeyte-derived dendritic cells and 
murine dendritic cells isolated directly from tumor-draining 
lymph nodes. In vivo, the p Isomer was more efficacious as 
an anticancer agent In chemo- immunotherapy regimens using 
cyclophosphamide, paclitaral, or gerndtabine, when tested 
in mouse models of transplantable melanoma and transplant- 
able and autochthonous breast cancer. The o isomer of 
1 -methyl^ tryptophan specifically targeted the WO gene 
because the antitumor effect of t>~] -methyl- tryptophan was 
completely lost In mice with a disruption of the WO gene 
(MX) knockout mice), Taken together, our findings support 
the suitability of D-l -methyl- tryptophan for human trials 
aiming to assess the utility of IDO inhibition to block host- 
mediated immunosuppression and enhance antitumor immu- 
nity In the setting of combined chemo-immunotherapy 
regimens. [Cancer Res 200767(2); 792-801] 

Introduction 

The iramunoregulatory crusymc indoleamine 23-diorygenasc 
(IDO) has been implicated as an immunosuppressive and 
tolerogenic mechanism contributing to maternal tolerance toward 
the allogeneic fetus (1), regulation of autoimmune disorders (2-5), 
and suppression of transplant rejection (6, 7). IDO can also be 
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expressed by cancer ceils in a variety of human malignancies (8, 9), 
In murine models, transfcetion of Immunogenic tumor cell lines 
with rM»mbiruuil IDO renders them immunosuppressive and 
leihally progressive m vtvo % even in the face or otherwise protective 
T-cell immunity (6). In humans, expression of IDO by ovarian and 
colorectal cancer cells has been found to be a significant predictor 
of poor prognosis (9, 10). 

IDO can also be expressed by host antigen-presenting cells 
(APC). APCa with the potential to express IDO include human 
monocyte-derived macrophages (HX human monocyte-derived 
dendritic ceils cultured under specific conditions (12-19), and 
certain subsets of murine dendritic cells (20-26). In murine tumor 
models.^ IDO" dendritic cells displaying a plasmacyloid phenotypo 
(CDllc*fl220 _ ) have been found at increased levels in tumor- 
draining lymph nodes (22). These have been shown to suppress 
T-eell responses in vitro and create antigen-specific T-cell energy 
in vivo (22. 25). £n humane, IDO* cells of host origin have been 
shown in draining lymph nodes of patients with melanoma, breast 
cancer, and other tumors (13, 22, 26» 27). In patients with malignant 
melanoma, the presence of these mo-expreasing cells in sentinel 
lymph node biopsies was correlated with significantly worse 
clinical outcome (22, 28)l Thus, expression of IDO, either by host 
cells or by tumor ccDs, seems associated with poor outcome in a 
number of clinical settings. 

These findings have prompted interest in development of IDO 
inhibitor drugs for cancer immunotherapy (29). The most widely 
studied of these has been 1 -methyl- tryptophan (30-32). Recently, it 
was shown that 1 -methyl- tryptophan displays marked synergy with 
a number of clinically relevant chemo therapeutic agents when used 
in combined chemo-immunoihempy regimens (33). in that study, 
the combination of 1 -methyl- tryptophan with cyclophosphamide^ 
cisplatln, doxorubicin, or paclilaxei was able to cause regression 
of established tumors in a demanding model or autochthonous 
HER-2//zeu -induced murine breast cancers (33). From a clinical 
standpoint, combining an immunomodulatory agent, such as 
1-methyl-tryptophan. with conventional chemotherapy drugs 
represents an attractive strategy, and a sound mechanistic rationale 
supporting such chemo-immunotherapy approaches is now being 
elucidated (34-%). 

However, a key unanswered question regarding J -methyl- 
tryptophan has been which of the two available stereoisomers 
(n and i) should be developed initially for clinical trials. The two 
isomers differ significantly in their cflucts on the recombinant IDO 
enzyme in vitro and they could potentially have different 
biological effects, bioavailability, and off-target toxicities. Most of 
the studies in the literature have employed the racemic (ol) 
mixture of I -methyl- tryptophan comprising both isomers, thus 
leaving unanswered the question of which stereoisomer would be 
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best suited for use in chcmp-immunothnrapy regimens. The goal 
of the present study was to compare the biological activity of the 
D and l isomers of l-methyi-tryptophan in vitro and in vivo, to ask 
whether their pattern of officacy in vitro correlated with their 
observed antitumor effect in vivo. 

Materials and Methods 

Additional methods available online. Defiled description of mice, 
published methods, and fftttitticoJ analyses are available online at httpV/ 

CanceTfaLAAnjmi maln *y+ £f_ 

Reagents. 1-Mcthyi-D-tryptophan (4S.24&3), l-motbyi-i^rypiophan 
(44,743-9), and 1-me thy 1-ot- tryptophan (86.064-6) were obtained from 
Sigma- Aid rich (St Louis. MO). For in vitra use, these were prepared as a 
20 mmol/L stock in 0.1 N NaOH. adjusted to P H 7.4, and Stored at -20'C 
protected from light. 

Autochthonous breast cancer model MultiparouS female MM1 Y-Afeu 
mice, maintained us described (33), have a high incidence of autochlhonoua 
mammary gland Carcinomas. 'Jumor-bQaring mice were enrolled randomly 
into experimental groups when tumors reached 0.5 Lo ID cm i n diameter. 
Tumor volume wan measured at the beginning and end of the 2-week 
Uculmcnt period. 

DJ6F10 and 4TI tumor models. B16F10 melanoma (American Type 
Culture Collection, Manassas, VA) were established in B6 mice by s.c. 
Injection of 5 x 10* cultured calls. B78H1-GM-CSF (38). gift of H. Levitaky, 
(Johns Hopkins University. Baltimore MO) was Implanted by s.c. injection 
of 1 x JO 6 cells. Orthogonal diameters were measured and the x y product 
(tumor area) was reported The use of the ortbotopicalry implanted 4T1 
breast cancer fine (39) has been described in detail (40). Tumors were 
implanted by injection of 1 x lo* cells in 50 uL volume into the mammary 
fat pad of (r to 10-woek-old ftALB/c females. la some experiments, 
lucifcraw-rmnafectod 4T1 ceils (4Tl4uc) were u*cd for biolumlnescence 
Imaging, as described In the Supplementary Material. 

Administration of 1 -methyl- tryptophan and chemotherapeutic 
agents. Detailed protocols for administration of 1-melhyKtryptophan. 
orally and by a .a pellets. In conjunction with d*e mo therapy, are given in the 
Supplementary Material. 

Human and mouse mixed lymphocyte reactions. Human and murine 
allogeneic miked lymphocyte reactions (nllo-MLR) were done as detailed In 
the Supplementary Materiel and have been previously described (M. 22). 

Western blots. Western blots were done using arttalcy-purified 
polyclonal rabbit imubody against peptides from the Nfi r terminal and 
COOH-termlnal portion of human 1DO, as previously described (13) and as 
specified in detail in the Supplementary Material. 

Results 

Cooperatrvtty effect of s*. DL-l-methyl-tryptophan with 
chemotherapy or radiation in B16F10 melanoma. We Aral 
evaluated the raccmic dl mixture of J-methyl-trypiophan as a 
component of chemo^mmuriotherapy using three tumor models: 
a stringent established (day 7) Bl6Pin melanoma, orthotopically 
implanted 4T1 breast carcinoma, and uuLochUionons breast tumors 
arising in rlER^/neri-tTansgetuc mice. Figure L4 shows established 
B16F10 tumors treated with DL-l-methyl-tryptophan (20 mg/d by 
14-day s.c. copolymer pellet; ref. 1), with or without a single injec-. 
tion of cyclophosphamide (150 rng/kg). dvI -methyl- tryptophan 
alone had no effect on tumor growth, and cyclophosphamide alone 
induced only a transient growth delay. However, the combination 
of dl- 1 -mo thy)- tryptophan + cyclophosphamide resuJled in a 
sustained growth delay and prolonged survival. In aD experiments, 
the end of the study period was defined as the time when aD of 
the mice in the vehide-onjy group reached their ethical surrogate 
end point (tumor area £300 mm 2 ), At the point when all mice in 
the control group had reached this end point, all mice in the 
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DL-J-methyJ-tryptqphan 4 cyclophosphamide group were still 
surviving Figure LB ahow 8 that the effect of ot-l-mcihyi-tryptophan 
was Josl in fnununode-ficient Rflgl-knockout (Ragl-KO) hosts, 
indicating that the antitumor effect of DL-l-methyJ-tryptophan 
was entirely immune mediated. 

WhoJe-hody irradiation has many of the same effects as chemo- 
therapy when combined with antitumor immunotherapy (41). We 
tested DL-Pmethyl-tryptophaji in combination with 500 cGy whole- 
body irradiation (Fig. \C). In theac experiments, there was consi- 
derable variability in the effect of the radiation component alone on 
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tumor growth, but in all experimcnU. the effect of DL-l-metfiyl- 
tryptophan plus radiation wu* superior to Tadiaiion alone. 

CooperapMty between Oral DL-1- methyl- tryptophan and 
Cyclophosphamide In treuting 4T1 breast carcinoma iso grafts. 
We next asked whether DL-l-methyl-tryptophan showed efficacy 
via the oral route. For these studies, we tested chemo-immuno- 
therapy of the poorly immunogenic 4TI breast tumor model, 
implanted orthotopicaDy in mammary tissue of syngeneic hosts' 
Because orthotopic 4TI tumors are highly invasive and their 
margins arc difficult to measure conventionally, we followed the 
tumor size using mpferase-lranafected 4T1 (4Tl-luc) tumors 
imaged following luclfcrin challenge. Oral OL-l-mcthyl-tryptophan 
was given by gftvogo twice dally. Eve times a week, combined with a 
weeldy single ip. dose of cyclophosphamide p beginning at the time 
of tumor implantation. As shown in representative scans in Fig. 2A 
cydophosphamide alone produced a modest reduction m tumor 
size, but the combination of cyclophosphamide + Di-I-meihyi- 
tiyptophan produced a marked decrease in tumor size (survival 
studies in this model are presented below). 

Oral administration of DL-l-mcthyi- tryptophan in combina- 
tion with paclitaxel can elicit regression or autochthonous 
breast tumors. We next tested the efficacy of varying durations of 
oral DL-l-melhyi-tryptophan in combination with pacHtaxe! for the 
treatment of autochthonous tumors arising In MMTV-Afeu mice 
(33). Mice with tumors were randomly assigned to treatment with 
paclitaxel for 2 weeks, with or without addition of 2 to 5 days 
of oral dl-1 -m ethvi-tryp lophan during the first week as indicated 
in Fig. 2B. Paclitaxel alone caused a minor reduction in the rate of 
tumor growth, but tumors continued to increase in size during the 
study period despite paclitaxel. The addition of oral ui-l-methyl- 
tryplophan produced a progressive reduction in the rate of tumor 
growth with increasing duration of 1-mcthyi-tryptophan, such that 
treatment with 4 and 5 days of DL-l-meihyl-tryptophan reversed 
tumor growth, and caused regression or the established tumors 
during the treatment period. Five days of administration via the 
oral route was at least as effective as parenteral delivery of the drug 
at a comparable daily dose, using implantable s.c pellet (the hint 
treatment group and the route reported in our previous study; 
ref. 33). 

In vftro comparison of d versus l isomers of 1-methyi- 
tryptophan. We next used In vitro models to compare the different 
isomers of l-methyl-tryptophan for Iheir biological effects, using 
two readouts: (a) activity of the IDO enzyme measured as 



Mean fold change per group 



f&21? DL-l-fnemyMrypiophan In orthotopic 4T1 and autochthonous 

MMTV-N&u tumora. A, oWlOtopte tumor isograrfs were established m the 
mammary fat pad. Trearmsnr was Initialed concurrent with tumor 
Chaoenoe. ueing cyqiophOSOhamlde l.p. at 100 mg/kg. once a week and 
dl-1 ^hyt-tryptophan oral gavage at 400 mg/kg per dose, twice dally, live tfmes 
« week. Blolumlne«cance imaging ol 4T1 tumor cell line transected with 
luclferase, snowing tha affect of each treatment on tumor burden. Treatment 
received by each mouse la i Indicated. Images were produced at 4 wka following 
the Initiation of IreBiment. & f MMTV-Atou mice bearing 0.5 to i o cm 
spomaneoua tumors were treated tor 2 wks with either vehicle alone. pacUtaxel 
f^n m9 ?? Lv - 0 MAV/F >' or Paclllaxel ph* oral OL-I^lhyl.tiyptophan 
(400 mg/kg lv. twice dally, given for up to 5 d during the first week, as tnrtcaied 
in Ihe legend). Paclitaxel we* given i.v. at over the 2-wK treatment period. The 
fast grey received a.c. poiets of 1-mslhyMryplophan. aa In f tg, 1 , Fold changes 
in individual tumor vofumea over the 2-wk period are plotted lor each group 
Points rri&an fold change tor each group (also listed In the box below the graph)- 
^JV' V* ra ° rBfised ,umcrt ^ Included in the calculation or the mean' 
and St. For the statistical anaryeea (arrotrs), the two comparisons of Internal 
were vehicle alone versus paclitaxel alone and pacfitaxsl alone versus 
paclitaxel + o-1-methyMryptophan x5d. Significance was determined at 
p < 0.Q26 using a two-group Wllcoxon exact teat. 
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Figure 3. Effect of different Isomers on 
in vtrro enzyme assays and T-celi 
proUfBraiion. A. enzyme kinetics, measured 
as kynurenine (KYN) production in call-free 
assay, tor purified recombinant human I DO, 
Showing the el feci of tha t, ol, and o forms 
of i-meinyl-tryptppnan in the presence of 
varying wncemraiiona of L^Uyptophan 
substrate, a iniraeeuular I DO enzyme 
activity (measured aa kynurerine 
production in culture Supernatant) by 
I Reactivated HeLa certs, showing 
Inhibition by different isomers oP 
1-melhyl-tryptophan. % tnhfcilion of 
maximal kynyrenina production; lines 
show interpolated ECso for each isomer, 
a Intracellular I DO activity (kynurenlne 
prooVic&Dn si MLfl supBrnaiams) by human 
monocylB-derived dendritic eels (DC) 
activated in aDo-MLRs; Sneft show ECqo. 
Combined average of three experiments 
using three different oonoit, D. erfecl of 
1 -methyMryptOphan isomers on T«cell 
EvroJUerairve responses. PmlHenHfon was 
measured by thymidine Incorporation in 
ailo-MLRs using either human T cells 
stimulated by IDO-e*presslng human 
morDcyte--0erived dendritic eels (1 or 10 
oxjDOrtments. using a variety o* different 
donor combinations), or mouse T eels 
slimulatad by JDO-e*pre*Slng piaamacytott 
dendritic csfffi from tumor-draining fymph 
nodes, as described in Materials and 
Methods (Orie of three experiments). 
As controls, purified human T cells without 
dendritic cells were activated with 
Immobilized anU-CD3 + «nti-CD2B 
antibodies (one of three experiments). 
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produciion of kynurenirie from tryptophan and (ft) a biological 
readout measured as the ability to prevent the suppression of T-ceU 
proliferation caused by JDO-expressIng dendritic ccJIsl 

Figure 3/4 shows emyme kinetics (kynurcnine production) using 
recombinant human IDO enzyme in a cell-free assay system. Using 
the recombinant enzyme, the L isomer of l -methyl- tryptophan 
mncrioned as a competitive Inhibitor (*i ^ 19 umol/LX whereas 
the d Isomer was much leas effective (ne K% found at 1-methyl- 
tryptophan concentrations up to TOO umol/L). The 1>L mixture was 
intermediate, with a K\ of 35 umol/L These values are consistent 
with the published literature for studies using cell-free enzyme 
assays for IDO (37). 

We next tested die different isomers in a biological assay, based 
on the intracellular IDO enzyme expressed by living cells (in this 
case, HeLa cells activated with IFN7; Tig. IB). Kynurenine 
production by HeLa cells showed a pattern of inhibition similar 
to that of the cell-free recombinant enzyme, with L-l-methyf- 



trypkophan being more effective than p-l-methyl- tryptophan. In 
other studies (data not shown), similar results were obtained using 
the murine MC57 tumor ceil Kne transacted with recombinant 
mouse 1D0 and also the simian COS cell line tmnsfected with 
human IDO: in each of these transfectcd ceD lines. L-l>methyl- 
tryptophan was superior to d-1 -methyl- tryptophan at inhibiting 
Icynureninc production. 

In contrast to the behavior or cell lines, when primary human 
monocyte-derived dendritic cells were used as the IDO-expressing 
cells (Fig, 3C), the d isomer of 1-methyi-trypeophan was found to be 
at least as effective as Lhe l isomer in its ability lo inhibit [DO 
activity (measured as kynurenlne production in culture super- 
natant*), m these assays, dendritic cells were activated physiolog- 
ically by exposure to T cells in allo-MLRs, rather than with 
recombinant IFNy, because we have previously shown that IFNy 
alone Is not sufficient to activate functional TOO in dendritic cells 
prepared by this protocol (13, 14). 
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In addition to kymircninc production, we and others have shown 
that TDO suppresses proliferation of T cells responding Lo antigens 
presented by IDO* dendritic cells (13, 14, 22). Figure 3D shows a 
comparison of the different ^ethyt-tryptophan isomers on 
human T-cel) proliferation in aJlp-MLRs stimulated by IDO* 
monocyte-derlved dendritic cells (similar to the MLRs shown in 
Fig. 3C. but using T-cell proliferation as the readout). Using this 
readout, the d isomer was found to be reproducibly superior lo 
cither the l isomer or the dl mixture, typically cl lei Ling a 2- to 
3-fold greater maximum level oF T-ceD proliferation. A similar 
pattern was seen using murine T cell* (Fig, 3D). For mice, allo- 
MLRs were dono using IDO* dendritic cells isolated dircclry from 
murine tumor-draining lymph nodes, as previously described (22). 
These tnmor-activated dendrilie cells were used to present a 
constitutive oilo-antigen to BM3 TCR-rxarisgenic T cells (specific 
for the H2K* antigen expressed by Lhe C57BL/6 dendritic cells). In 
this model, Just as in the human system, the d isomer of 1 -methyl- 
tryptophan was superior m supportirig activation and proliferation 
of T cells, compared with either the l or m forms. 

lb test for nonspecific (ofT-target) effects or l-methyl-tryptnphan 
on the T cells themselves, control experiments were done using 
purified human T cells stimulated by immobilized anti«CD3 + and- 
CD28 antibodies (Le., without any dendrilie cells present to express 
IDO). Under these conditions, none of the l-methyl-tryptophan 
preparations had any detectable effect on T-cell proliferation 
(Fig. 3P). Additional studies (shown in Supplementary Kg. SI) were 
done further evaluating lhe d isomer, using MLRs stimulated by 
dendritic cells derived from mice with a targeted disruption of the 
WO gene (1DO-KO mice). MLRs using IDO-KO dendritic cells 
showed that the effects of the o isomer were completely lost when 
the stimulating dendritic cells lacked IDO. Thus, the D isomer of 
l*methyl-tryptophan exerted its effects in MLR specifically by tar- 
geting the IDO gene expressed by the dendritic cells, not through 
an off-target effect 

Western blots suggest the possible existence of more than 
one Isoform of IDO. 'rhe ceD type-specific effects of the different 
isomers of l-methyl-tryptophan prompted us to aslc whether there 
might be more than one form of IDO expressed in different cells. 
Published databases suggested potential alternate splicing isoforms 
of human TDO differing primarily in the COOH- terminal portion of 
the molecule. 8 Therefore, we generated polyclonal antibodies 
against peptide sequences in the NH 2 -terrninal and COOH-terminal 
portions of the IDO molecule for use in Western blots, as described 
in the Supplementary Material 

Figure 4A shows Western blots using the two different 
antibodies. Samples were prepared from human monocyte-derived 
macrophages, as a known source of IFN-y-induqibJe IDO (11). As 
shown in Fig. 4A, the NH r terminal antibody detected a band of 
-44 kDa, which was present both before and after IFN-y 
stimulation, and which showed little apparent change with IFNy. 
In contrast, the COOH-termmal antibody detected an antigen of 
- 42 kDa, which was only visible after WNy treatment A similar 
pattern of two different constitutive and Inducible bands has been 
described for IDO expression by in other cell types (42). We and 
others have also shown that IDO can be expressed conHtitutively at 
the protein level (e^, as with the higher molecular weight band) 



J. Thterry-Mlej et AceVlew; identificuikm and functional annoupon of cDNA- 

Mipported gcn*B In hlghw Or$wixms^ffomo sapiens gen* INDO, encoding indule- 
jmlne-pyrrflto ^3 di oxygenase. Available from http://wwwjicbLnIm.nlh.gov/UvB/ 



without necessarily showing enzymatic activity until activated 
(1% 43). In other experiments (data not shown), HeLa cells showed 
the same pattern of bands and the same response to IFNy. as did 
the monocyte-derived macrophages in Fig. AA. 
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Figure 4. Evidence tor two possible taofdrms of human IDO. A, rtyman 
nionocyie-derived macrophsgeB were prepared bb described <1 1). wlih or 
without IFNy treatment for the final 24 h. Lyaates were analyzed by W«tsm bloi 
using anooodteg against the NH E -lermlnal portion of IDO, me COOH-tenrdnal 
portion, or s nurture o I the two andbodJea. AO blots wen? stripped and ^probed 
lor f*-aclin (data no! shown) to confirm even loading, a macrophages aa above 
ware treated wnh or without IFN7, in the presence or absence of cyctoneximioe' 
(10 jig/mL). p^Acfri blots (oata not shown) confirmed even loading. C t r/saiea 
Of macrophage* with and without IFNv pretreai/neni wer© anafyzad by 
two-dimonsionHl electrophoresis, followed by Western blotting with the 
NHa-termlnai-speelfie anii-IDO eniibody. D. human monocyte-dertved dendritic 
cells were culiured for 7 d as deacrtoed In Materials and Methods, with or 
without addition of a maturation cocktaft during the final 4B h. iFN-y was added 
dLtftng (he last 24 K Weefem blots were done as In (fl), with the same bloi 
striped and reprobed for each anlMDO antibody and the ^acth loading control. 
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figure 43 shows that expression of the IFN^-inducible (lower 
molecular weight, COOH-terminaJ) band we* blocked by cyclohex- 
imidc. suggesting that it represented a newly synthesized protein, 
rather than a postrransJatlonaJ modification of the larger isoform. 
Although conventional Western bku analysis did not revcaJ any 
obvious change in the larger molecular weight (NH 2 -termlnal) 
isoform in response to IFNv, two-dlinenaional Western blols 
(Fig. 4C) revealed that there was a significant IFN-y-induced shift in 
isoelectric point (up to 2 P H units). Thus, these data revealed that 
both forms of IDO were in fact IFNy responsive, with the larger 
form appearing to undergo some IFN-induced posttransJauona! 
modification, whereas the smaller form seemed to be synthesized 
de novo. 

Regulation of IDO activity In dendritic cells is more complex 
than in macrophages, with multiple factors reported to influence 
both protein expression and enzymatic activity (17, 19), When we 
analyzed human monocyte-derived dendritic cells by Western 
blot (Fig. 4D). there was significant up-regulation of the larger 
(Nll 2 -terminal) isoform with dendritic cell maturation, whereas 
fPNy treatment had no discernible effect on this band in dendritic 
ceHs. The smaller (COOH^tcrminal) isoform showed no expression 
In Immature dendritic cells and was not inducible In dendritic cells 
by IFNv. However, the COOH-terrainal isoform underwent marked 
up-regulation with dendritic cell maturation (again independent of 
IFN7). Thus, the regulation of the two IDO isoforms In dendritic 
cells was complex and differed from their regulation in macro- 
phages. However, the essential point was similar for dendritic cells: 
that more than one spades of IDO was prcscnL, end that the 
pattern of expression was regulated by biologically relevant 
. cytokine signals 

Efficacy of the n isomer of 1 -methyl- tryptophan In ehemo- 
immunotherapy. Based on the superiority of the D isomer in 
supporting T-ceD activation in vitro, we tested the o isomer of 
l-methyl-tryptophan £17 vivo using the B16F10 model. Established 
(day 7) B16F10 tumors were treated with cyclophosphamide phis 
D-l-mcthyl- tryptophan in a design Similar to Fig, IA. However, in 
these studies, the dose of the d isomer was reduced 4-fold 
compared with the dose of the DL mixture used in Fig, Li, based on 
its superior efficacy in vitro. Even at the lower dose, d- l-methyl- 
tryptophan + cyclophosphamide showed significant growth delay 
compared with cyclophosphamide alone (Fig. 5A), Similar results 
were seen with a second chemothcrapeutic agent gemcitabine 
(Fig. SB). Neither gemcitabine alone nor D-l-mcihyl-tryptophan 
alone had a significant effect on B16F10 tumor growth, but 
together, the combination produced a significant growth delay. 

rH-methyUryptophan had no effect on B16F10 tumors when 
used as a single agenL but B16P10 is not a highly immunogenic 
tumor; wc Lherefore asked whether p-l-methyi-tryptophan alone 
might show an effect if a more immunogenic tumor was used. 
U75H1-GM-CSP is a subline of B16 that has been tranafeeled with 
granulocyte macrophage coJony-stimulatin^ lector (CM-CSF) to 
increase recruitment of APCs to the tumor and draining lymph 
nodes (44). The tumor is modestly immunogenic, although if 
implanted without irradiation, the tumors invariably grow and 
kill the host (4S). in this somewhat more immunogenic model. 
D- l-methyl-tryptophan, us a single agent, was found to huvc a 
modest but reproducible and statistically significant effect on the 
growth (Fig, 5C left). This modest anUUunor effect was lost when 
the hosts were immunodeficicnt Ragi-KO mice (Fig. SQ middle), 
showing that the effect of r> l-methyl-tryptophan was immune 
mediated. Likewise, the effect of d- l-methyl-tryptophan was lost 



when the less immunogenic parental tumor (without GM-CSF) was 
used in place of B78HI-GM-CSF (Fig. 5Q right). Thus, D-l-mcthyl- 
tryptophan did show some modest effect as a single agent when 
used with an artificially immunogenic tumor. However, this was 
substantially less potent than tho effect of l-methyl-tryptophan in 
combination with chemotherapy. 

Comparison of n versus l Isomers in cherno-lmniuno ther- 
apy, We next did side-by-side comparisons or the different iso- 
mers of l-methyl-tryptophan in cherao-immunothcropy regimens. 
Figure 6A Shows a comparison of d versus L versus OL forma of 
1-methyl-tTyptophtin in orthotopic 4THuc tumors. Each l-methyl- 
tryptophan preparation was given In combination with low-dose 
cyclophosphamide (25 mg/kg/dose by oral gavage once per week). 
Although minor effects were observed with the other combina- 
tions, only o-l-methyi-tryptophan with cyclophosphamide showed 
a statistically significant prolongation of survival relative to cyclo- 
phosphamide alone (for clarity, these two groups arc re-graphed 
together in the second plot). A second, similar experiment showed 
the same results, reproducing the survival advantage of P-l-methyl- 
tryplophan over L-i-Tncthyl-lryptophan In combination with cyclo- 
phosphamide. 

Figure 65 compares the d versus l isomers of l-methyi- 
tryplophan in the autochthonous MMTV-Afeu breast tumor modeL 
Both isomers were delivered orally for 5 days, as in Fig. 2C, in 
combination with paclitaxel. In this model also, 0- 1 -methyl* 
tryptophan was found to be superior to L-l-rnenSyl-trypLophan 
(in these studies, the l isomer showed no effect compared with 
chemotherapy alone). 

Specificity of the d Isomer for host LOO in vivo. Finally, 
one critical outstanding question was the target specificity of the 
0 isomer in vivo. We had shown in Supplementary Fig. Si 
(Supplementary Material) that the d isomer of 1-methyi-trypto- 
phan specifically targeted the IDO gene in vitrp. However, it was 
possible that in vivo, D-l-methyl-tryptophan might exert an 
antitumor effect via some other off-target mechanism. Figure 6C 
addresses this question by comparing tumors grown in wild-type 
(IDO sufficient) mice versus tumors grown in JDO-KO mice, each 
treated with cyclophosphamide + D-l-mcihyl-tjyptophan. The 
tumors that grew in the IDO-KO hosts would, by definition, have 
been selected for their lack of dependence on IDO (i.*, they must 
necessarily be escape variants that could grow in the absence of 
IDO). Thus, if D-l-methyi. tryptophan truly targeted TOO, then treat- 
ing tumors grown In IDO-KO mice with D-l-methyl-tryptophan 
should have no effect on tumor growth; conversely, if D-l-methyl- 
tryptophan was not specific for IDO r then any off-target effects 
should be retained In the IDO-KO hosts. Figure 6C shows that 
tumors grown in IDO-KO mice became completely refractory to the 
effects of D-l-methyl-tryptophan, thus confirming that IDO was the 
target of D-l-methyi-trypLophan in vivo, as hypothesized More 
specifically, these studifiH suggested that in this model, the relevant 
target for i> l-methyl-tryptophan was IDO expressed by host cells, 
rather than by tumor cells, because the tumor cells were the same 
in both 1 



Discussion 

In the current study, we show significant differences in biological 
activity between the d and l stereoisomers of 1-raeThyJ-tryptophan, 
The 1, isomer was superior at Inhibiting activity of purified 
recombinant IDO enzyme in a cell-free assay and also at inhibiting 
IDO enzymatic activity in HeLa cells and other cell lines. In 
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Figures. Effort of parenteral p-l.tnafllyi- 
rjyptophan in (he Bibfiq modsL A, mice 
with B16F10 tumors wore treated Ifl a 
design similar to Rg. i*, except using the D 
isomer oJ 1 -mo thyV tryptophan at a 4-loM 
tower dost (5 mg/d by Po*5d releaaa 
pelete). Cyclophosphamide was gtvan at 
150 mo/Tcg i.j>. Three Identical experiments 
wore pooled and anafyzed by AN OVA. 
\ P s 0.05. 9. experimental design similar 
to (A), using gamcitabtne 120 moAfl ijJ. on 
days 8. 11. 14. and 19 Following BI6F10 
tumor impJantatlofi. Three expertmsnte 
were pooled and analyzed by ANCVA 
\P< 0.05. C. B78H1-QM-CSF oiirrara, or 
pafemal tumore without the QM-CSF 
transgene, were implanled as Indicated. ' 
Beginning ai the lime of Bnplantation, 
mice received 14-day pellets of 
OO-melhyk/yptaphan (5 mg/d) or vehicle 
control. Left, three experiments were 
pooled and analysed by ANOVA, 

P • 0.011. Afttote, ai hosts were 
Ragl -KO. Rtyit. tumors lacked the 
GM-C5F transgene (leaner of these 
groups showed signilicant 
differences). 



contrast, the D isomer was at least as effective as the L isomer at 
inhibiting IDO enzymatic activity expressed by human or mouse 
dendritic ceils. Unexpectedly, the d isomer was found to be 
significantly superior Lo both the l form and Ihe dl mixture when 
tested by the biologically important readout of T-cell activation in 
MLRs. in vivo, a head-to-head comparison of the antitumor effect 
of the two Isomer* showed Lhat the d isomer was more effective 
than the 1. isomer, using iwo different tumors and different encmo- 
imraunolherapy regimens. Thus, the in vitro superiority of the 0 
isomer for enhancing T-ccJl activation m MLRs seemed to correcdy 
predict the superior in vivo antitumor efficacy in the models tested, 
whereas the results of the ccU-free enzyme assays did not. 

The superiority of the I isomer in the cell-free enzyme assay 
was expected from the liLeraturq (37). However, to our knowledge, 
no comparison of the two isomers of l-methyl*tryptophan has 
been previously reported using assays based on intact cells. Such 
cell-based systems are important because different call types may 
respond differently to the two Isomers, as we have now 9hown. The 
molecular basis for these cell type-specific differences is "not yet 
known. Possibilities include differential transport into or out of the 
cells, Afferent subcellular comparlmentalization of the inhibitors, 
or altered metabolism by cellular enzymes. It is also possible thai 
there may be different 15 n forms of IDO (as could be suggested by 
our Western blot data), and these might have different sensitivities 
to the two isomers, although this is currently speculative, Finally, it 
may be that 1-melhyl-tryptophan exerts some of its inhibitory 
effects on IDO not by competing directly for the catalytic site but 
by altering enzyme activity in another way that does not register in 
the eel I- free enzyme assay. 



Others have also reported efficacy of the d isomer of 1-methyl- 
tryptophan for enhancing T-cell responses in vitro and in vivo 
(46, 47). Importantly, our data unambiguously showed that the 
T cell-enhancing effect of D-l-mcthyl-tryplophan in vitro was 
completely lost when APCs were derived from IDO-KO mice: and. 
likewise, the antitumor efficacy of d- l-methyj-tryptophan in vivo 
was lost when the tumor-bearing hosts were IDO-KO. Thus, the 
molecular target of D-I-metiiyktiyptophan was indeed IDO. and 
the efficacy of o-l-methyl-tryptophan was not due to somo off- 
target effect. This would also be consistent with recent studies 
using RNA-lcnock-down techniques, which concluded that the 
major molecular target of the DL-mixture of 1-meihyl-tryptophan 
was IDO, rather than an off-target effect (48). 

One critical reason underlying the superior activity of the d 
Isomer in vivo may be our observation that the l isomer seemed 
actively inhibitory for T-cell activation in MlKs, Both Isomers were 
equally effective at blocking the enzymatic activity of nx) in MLRs 
(measured as kynumnine production in the supernatant); yet 
the l isomer could not produce the same high levels of T-cell 
proliferation achieved by the d isomer. RcveoJingiy. the dl mixture 
also proved less effective than the d isomer alone, suggesting that 
the presence of the l isomer actively inhibited T-cell proliferation. 
The nature of this inhlbiUon is currcntiy unknown. However, it did 
not seem to be due to a direct toxic effect of L-l-meTJiyl-trypiophan 
on the T cells themselves because T cells stimulated by mitogen 
(i.e.. in the absence of iDO-exprcssing dendritic cells) were no longer 
affected by l-i -methyl- tryptophan. This suggests that the off-target 
inhibitory effect of the l isomer might be due Lo a toxic effect of 
L-l-mcLhji- tryptophan on the IDO- expressing dendritic cell itself 
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(e.g, rendering it lens able to present antigen to the T cella). Perhaps 
consistent with such an off-target effect on dendritic cclK it has 
recently been reported that exposure of dendritic cells in vitro to the 
DL-mixture oF 1-raethyMryptophan at 1,000 *imol/L (much higher 
than the maximum concentration used in the current study) caused 
alteration in dendritic cell function, which did not seem related to 
the effect of w^-raethyl-tryptophan on \DO itself (49X AtarnatfveJy, 
Uiq T cells might be sensitive to some metabolite of the i isomer 



MMtfon of IOQ by Q-l-MeXhyt-Tryptophan 

generated by the dendritic cells. In cither case, it seems that the 
n isomer or 1-methyl-tryptophan escaped this off-target inhibitory 
effect on T-cell activation, perhaps precisely because it was not the 
natural*' stereoisomer. 

Although the d isomer showed superior efficacy in our chemo- 
immunotherapy models, the l isomer proved better at inhibiting 
IDO m HcLa cells and In mouse tumor cell lines transfected with 
IDO. Thus, it maybe that in certain biological contexts the l isomer 
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might be preferable whereas in other contexts, the d Isomer is 
superior. This might become relevant where the target of 1-methyi- 
tryptophan is IDO expressed by the tumor cells themselvEs, 
rather than by host dendritic calla. However, the data from our 
in vitro T-^cfl activation models and from our in vivo cherno- 
immunotherapy models suggest that in these systems, the bene- 
ficial effect of the d Isomer on T-ceU activation is the key advantage, 
rendering the n isomer superior In these settings. Furthermore, 
based on the facL that efficacy of D-l-mcihyl-tryptophan was lost 
when the host mice were genetically deficient in IDO (Fig. 6C), our 
data suggest that the molecular target of D-] -methyl- tryptophan In 
our system was the IDO activity expressed specifically by host APCs, 
not by the tumor cells themselves. 

In the murine models used in this study, relatively high doses 
of 1-melhyi-tryptophan were required to see an antitumor effect. 
However, this seems to represent a peculiarity of 1-methyi- 
tryptophan pharmacokinetics in mice. Preclinical pharmacology 
studies In both rats and canines (to be published elsewhere) show 
that these animals require significantly lower doses per kilogram 
to achieve plasma levels in the same range. These lower doses 
should be readily achievable clinically. 

The combination of 1-methyl-tryptophan with chemotherapy 
(cyclophosphamide, pachtaxel or gemdtablne) was more potent 
against established tumors than cither 1-methyl-tryptophan or 
chemotherapy alone. Regimens featuring chemotherapy plus 
immunotherapy are receiving increasing attention (34, 35). in part 
this is because they are readily applicable in the clinic because 
patients do not have to be denied standard chemotherapeutic 
agcnls to receive Immunotherapy. In additioa there is a sound 
mechanistic rationale underlying combined chemo-immunolher- 
apy. Chemotherapy causes death of tumor cells, thus releasing 
tumor antigens into the host antigen-presentation pathway (34). 



In addition, certain chemotherapy drugs seem to decrease the 
number and activity or regulatory T cefls (50, Si ), which may assist 
the immunotherapy regimens in breaking tolerance to tumor 
antigens. Finally, the recovery phase from chemotrierapy-mchiced 
lymphopenia seems to constitute a favorable window for reacti- 
vating previously tolerized T cells (41). However, despite these 
effects, chemotherapy alone does not elicit an effective antitumor 
immune response. We hypothesize that one reason for this failure 
is because the antigens released by chemotherapy are presented 
first m the tumor-draining lymph nodes. We and others have 
previously shown that tumor-draining lymph nodes are a highly 
tolerogenic microenvironment (52), due at least in part to the 
presence of IDO-expressing APCs (22, 25\ Thus, IDO' bout APCs 
may play on important pathogsnlc role in helping the tumor 
re-establish immunologic tolerance toward itself odor it is 
disrupted by chemotherapy. Based on our current data, we 
hypothesbe that Uie addition of an IDO inhibitor drug during this 
post-chemotherapy period may allow the tumor bearing host to 
mount an effective immune response to tumor antigens during this 
post-chemotherapy window of opportunity, 
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